ABSTRACT
the last 10 years. The training mentioned above, in-service training, and certification courses have been provided especially to personnel working in emergency services, intensive care, and 112 units. In order to maintain the required quality standards in hospitals, in-service training is provided every 6 months in the form of BLS or cardiopulmonary resuscitation courses. These training sessions are also monitored by the education and quality units of the hospitals. [2, 3] Airway patency establishment and closed-chest compression techniques are taught in first aid and BLS training courses. Training is provided according to the current guidelines published by the American Heart Association (AHA) and the European Resuscitation Council (ERC). Much of the information about closed-chest compression, chest compression physiology, the effects of various compression rates, ventilation/compression ratios, compression and relaxation times have been obtained from animal studies. This information has also been updated and strengthened by human studies. Finally, clear information about chest compressions was provided in the 2010 AHA and ERC guidelines. [4, 5] ORIGINAL ARTICLE Ulus Travma Acil Cerrahi Derg, November 2015, Vol. 21, No. 6 
INTRODUCTION
Today, many people worldwide have taken courses in first aid and basic life support (BLS) or have undergone diverse training in this area. In Turkey, BLS training is provided as part of first aid courses. Such first aid and BLS training is widely available to anyone and provided by expert associations within regulations from the Ministry of Health or at certain centres approved by the ministry.
[1] In this regard, the Ministry of Health has accelerated the training of medical personnel over Effective chest compression is an early procedure during BLS used to provide blood flow. Chest compressions should be strong and effective. At least 100 compressions should be performed per minute, and their depth should be at least 5 cm for adults. After each compression, the chest should be allowed to pull back, and compression and decompression times should be approximately equal. There should not be any interruption between chest compressions. [4, 5] Application of closed-chest compression itself is traumatic. Unwanted complications caused by chest compressions, particularly rib and sternum fractures, can be encountered. Additionally, injuries to internal organs, such as the heart, lungs, liver, or stomach, may occur. [6] [7] [8] [9] [10] Complication rate can vary depending on the individual performing the chest compression (medical personnel vs. lay people), the surface on which it is performed (soft vs. hard surface), the location where it is performed (in or outside a hospital), and the quality of the education and ability of the individual applying it. [6] [7] [8] [9] [10] After Kouwenhoven and Baringer provided two separate descriptions of closed-chest massage, which was the basis of cardiopulmonary resuscitation in hospitals in the 1960s, studies aimed at reducing complications, morbidity, and mortality gained more attention. In 1976, Enarson and colleagues published the first studies on resuscitation complications. [9, 10] The recognition of various complications caused by resuscitation attempts in a series of autopsies gained great importance from a forensic viewpoint as well. Additionally, the development of cardiopulmonary resuscitation created a need for multidisciplinary post-mortem studies to help prevent complications. Little research has been done in this field in our country. In our study, we analysed post-mortem autopsy findings in patients to whom BLS was provided by medical personnel in or outside the hospital.
The aim of this study was to analyse in detail the findings of autopsy reports from patients who received BLS from medical personnel to determine the frequency of complications, evaluate the effectiveness of the training provided, and investigate the subjects in the relevant literature.
MATERIALS AND METHODS
In this study, autopsy reports from cases who received BLS performed between 2011 and 2013 in the Forensic Branch Manager of Muğla were analysed retrospectively. Complications related to closed-chest compressions were recorded in the cases who underwent BLS. Moreover, they were analysed in terms of socio-demographic characteristics, cause of death and the location where BLS was performed. Patients with thorax trauma were excluded from the study.
Complications related to closed-chest compressions performed during resuscitation attempts, rib fractures, sternum fractures, chest wall ecchymosis, haemothorax, cardiac contusion, pulmonary contusion, liver laceration, pericardial injuries, and soft tissue damage, such as marks left on the skin by defibrillator pads were included in the evaluation.
For statistical analyses, the SPSS software was used. Percent- 
RESULTS
Among the cases who underwent BLS and whose autopsy was performed in the Forensic Branch Manager of Muğla between 2011 and 2013, resuscitation complications were detected in one hundred (Table 1) patients. Of these one hundred patients, there were 74 males and 26 females. In Table 2 , the distribution of rib fractures according to gender is shown. The average age of the patients was 54.57 (range, 0-93) years. Autopsies were performed in sixty-eight cases for non-traumatic reasons. The resuscitation process was performed on seventy-four patients in the hospital and twenty-six patients at the scene of an accident by 112 service ambulance personnel. There was no statistically significant difference in terms of resuscitation complications according to the scene of the event or practitioner (p>0.05).
The autopsy results identified rib fractures in seventy-one patients; 61 of these fractures were located in the ribs of the right thorax area and another 66 in the ribs of the left thorax. In fifty-nine cases, there were rib fractures on both sides. On each side, rib fractures were detected between the first and eighth ribs. The highest number of fractures on each side occurred in the third (right: 52%, n=52, left: 56%, n=56), fourth (right: 54%, n=54, left: 64%, n=64), and fifth ribs (right: 44%, n=44, left: 57% n=57). The distribution of rib fractures according to their location is shown in Table 2 .
In total, ten rib fractures were parasternal (10 males [M]). There were two axillary rib fractures (1 M/1 Famles [F]). Moreover, twenty-three rib fractures (15 M/8 F) were localized at the midclavicular line. There were haematomas around eight rib fractures (6 M/2 F). Ecchymosis was found around twelve rib fractures (7 M/5 F). Superficial skin ecchymosis/ haematomas were detected in nine cases (5 M/4 F).
In thirty-two (32%) cases, sternum fractures were detected at the levels of the second, third, and fourth ribs, with the highest number at the level of the third rib (n=14) ( Table 3 ). There were both rib fractures as well as sternum fractures in thirty-one (31%) cases (8 females and 23 males).
Apart from rib fractures, pericardium and heart injuries were detected in four cases, lung parenchymal damage in four, and rupture of the pleura in two. From the external examinations, defibrillator pad marks were found in sixteen patients, and skin and/or subcutaneous soft tissue ecchymosis and bleeding were detected in nine patients (Fig. 1) .
Regarding chest injuries related to CPR, there was no statistically significant difference between the traumatic and nontraumatic groups in terms of rib or sternum fractures, age, or gender (p>0.05). Although more cases occurred during summer, no statistically significant difference by season was found ( Fig. 2; p>0 .05). 
DISCUSSION
If closed-chest compressions are not performed properly during BLS, they can be traumatic. After examination of the patients, complications related to thorax compression such as rib and sternum fractures, were observed. Additionally, injuries to internal organs such as the heart, lung, liver, and stomach, occur frequently. [6] [7] [8] [9] [10] Complication rate can vary depending on the individual performing the chest compression (e.g., medical personnel vs. lay people at the scene), the surface on and location at which it is performed (in the hospital vs. outside), and the education level and capability of the individual applying it. [6] [7] [8] [9] [10] Thus, we believe that continuous development of BLS training strategies and high-quality training in cardiopulmonary resuscitation can reduce resuscitation-related complications.
When analysing complications caused by closed-chest compressions, methodological issues must be resolved first. Besides autopsies, computed tomography (CT) and X-ray equipment were used in this research. In this study, 86% of rib fractures detected by autopsy were not detected by AP chest X-rays. [11] CT is much more sensitive than X-ray radiography, especially for rib fracture detection. Regardless, in general, an autopsy is the best method for detecting resuscitation complications. [6, 11, 12] According to the above mentioned studies, detailed autopsy is still the most sensitive method.
The incidences of rib and sternum fractures, the most often encountered complications of chest compressions, were 4-97% according to autopsy and 8-32% according to X-ray. For sternum fractures, the incidences were 1-43% by autopsy and 0-26% by X-ray. [6] [7] [8] [9] [10] [11] [12] [13] However, in a prospective CT study performed in patients who were resuscitated as a result of successful BLS, the incidence of rib fractures amounted to 31% and that of sternum fractures to 4%. [6] The third, fourth, and fifth ribs, especially on the left side of the sternum, were fractured most often. In our autopsy study, the rates of rib and sternum fractures were similar and amounted to 71% for rib fractures and 32% for sternum fractures. Fractures resulting from complications related to resuscitation were observed mostly on the left side (66%) in the third, fourth, and fifth ribs. Although the studies were heterogeneous, it is clear that complications appearing during cardiopulmonary resuscitation are still very common.
Having analysed the distribution of rib fractures according to location (Table 2) , most fractures occurred at the midclavicular line. Kricher and colleagues have stated that most ribs fracture at the sterno-condral junction. [10] However, Baubin and colleagues have claimed in their study using cadavers that most ribs fractures result from chest compressions occurring at the axillary line. [14] However, according to the study of Buschmann and Tsokos and many researches performed, fractures usually occur at the midclavicular line. [6] [7] [8] [9] [11] [12] [13] In three studies conducted in Turkey in 2003, 2008, and 2010, most rib fractures were reported to occur at the midclavicular line. [7, 8, 15] The results of our study were consistent with the literature reports, in that most rib fractures occurred at the midclavicular line.
The localization of sternal fractures has been reported to be between the second and fourth ribs. Most fractures occur at the sternum at the level of the third intercostal space. Similar results have been reported in domestic and foreign research studies. [7, 8, [10] [11] [12] 15, 16] Having analysed the results in terms of skin complications and internal organ damage, in the cases of distant organs (e.g., retinal haemorrhage and subarachnoid haemorrhage) and internal organ damage, their occurrence is not common. When compressing the thorax, stress created by increased thoracic pressure affects many organs. Lacerations of diverse organs related to this issue have been described. [11] In our research, injury to internal organs (lung, heart, and liver) was seen at a low rate (10%). The rates of internal organ injury have not changed much since the reports of Krischer and colleagues and Paaske and colleagues on such injuries and other life-threatening complications related to closed-chest compressions. Krischer and colleagues have reported in detail on ten complications, mentioned above, among 705 cases, while Paaske and colleagues have noticed three complications among 268 cases. [10] [11] [12] [13] [14] [15] [16] [17] [18] Life-threatening complications were rare in these studies.
Due to closed-chest compressions, damage to intrathoracic organs is often encountered. They usually occur in relation to rib and sternum fractures. However, this is not always the case. Organ injuries can also occur without fracture. The most important factors leading to this situation include misapplication and external chest compressions that are too strong, fast, deep, and long. Multiple injuries such as lung contusions, pleural rupture, anterior mediastinal bleeding, pericardial injury, cardiac injury, pneumothorax, haemothorax, and mediastinal emphysema have been observed. When the heart is tightened between the anterior chest wall and spine during chest compressions, epicardial petechiae and myocardial haemorrhage can occur. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In addition, in our autopsy reports, cases with pulmonary contusion, pleural rupture, pericardial injury/bleeding, and endomyocardial bleeding were observed. These findings were similar to those of the literature reports.
Intra-abdominal injuries are rare resuscitation complications. However, many organs may be affected. Liver and spleen laceration, gastric dilatation and gastric perforation are encountered. Moreover, intestinal trauma, intraperitoneal bleeding, and retroperitoneal haematomas have been recorded as complications. In the literature, liver damage is seen at an incidence of ~0.6 3% and is the most frequent intra-abdominal complication related to CPR. [10, [19] [20] [21] [22] [23] [24] [25] [26] Liver laceration was recorded in two of our cases and is observed more often on the left lobe. The most important factor in this is the close anatomical relationship between the left lobe of the liver and the sword-shaped lower end of the sternum. A similar laceration was seen in our cases. Two other important factors that can increase the risk of liver laceration are hepatic ischaemia and liver distension due to venous obstruction. [10, [19] [20] [21] [22] [23] [24] [25] [26] The reason for liver laceration in our case was thought to be similar. Moreover, treatments with antiplatelet, antithrombotic, and thrombolytic agents in patients with myocardial infarction may cause such lacerations. [21, 22, 26] No significant gender influence on rib fractures has been detected by the majority of studies. However, rib fractures generally occur more frequently in elderly women with high osteoporosis rates and in both genders of more advanced age. [9] [10] [11] [12] [13] However, according to research conducted in our country by Şam and colleagues in 2003, more complications were detected in men and younger patients (average age of 35 years). [15] In the studies of Boz and colleagues from 2008, the rate of resuscitation complications was found to be high in men and the elderly. [7] Similarly, in a study conducted in 2010 by Özer and colleagues, the rate of resuscitation complications was high (71.9%) in men and the elderly. [8] In our study, similar to others conducted in Turkey, more than half of the cases (55%) were 55 years and over, and most (75%) were male.
Hoke et al. and Black et al. have reported an incidence of rib cage fractures of less than 50% and of sternum fracture of less than 30%. In our study, we detected 71% rib cage fractures and 32% sternum fractures, higher than the average incidences reported in the literature. These results emphasise the importance of the education provided on resuscitation, and significant effort should be given to revise this to lower the complication rates.
A limitation of our study is the lack of data regarding surface type on which the chest compressions were performed, the depth of application, and the duration of application. Moreover, to obtain more detailed results on resuscitation complications, more in-depth reports on chest compressions cases should be prepared based on the following: a sufficient number of cases, homogenized study populations, exclusion of associated conditions, and stratification by age, gender, duration of application, depth of application, and soft or hard surfaces.
Our research was conducted with approval from our local ethics committee. There are no conflicts of interest to report.
Conclusion
In BLS, resuscitation is a procedure performed to bring patients back to life and to increase their chance of survival. However, at the same time, it can also cause complications that may even lead to the patient's death. Resuscitation performed in the correct manner will cause less organ injury and prevent potentially fatal complications. It should be noted that chest compressions applied with enough strength to break the ribs or sternum can harm the thorax and many organs and may decrease the patient's chance of survival.
Awareness of the complications occurring with BLS is vital in autopsy investigations. In patients in whom the major cause of death is trauma, these complications may be interpreted as additional trauma symptoms. However, in patients who died due to non-traumatic reasons, autopsy may be misinterpreted by these complication findings, suggesting that the cause of death involved trauma. Thus, detailed information about the application of BLS and its possible complications are crucial for forensic medical specialists to distinguish them from actual trauma symptoms. Moreover, it is also important for doctors, who usually perform resuscitation, and other medical personnel to be aware of these complications in terms of comprehension and a reduction in medical errors. Thus, BLS training should be repeated at appropriate intervals based on current approaches.
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